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[57] ABSTRACT

Method and device of servo-controlling a rotating
workpiece in relation to a member such a tool capable
of translational motion along a system of two mutually
perpendicular axes as a function of a desired rate of
transit of the periphery of said workpiece past said tool,
in which a tangent to said periphery is determined and

‘the tool is slaved to the displacement of said tangent

parallel to itself, while the angular position of said

- workpiece is determined and the speed of the tool is

varied along its system of axes as a function of said
displacement of the tangent. Application to the auto-
matic welding of odd pieces.

3 Claims, 2 Drawing Figures
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1

METHOD AND APPARATUS FOR ;
SERVO-CONTROLLING A ROTATING
WORKPIECE

- The present ._inv'enticn relates to a method of servo- -

controlling a rotating workpiece in relation to a mem-
“ber capable of translational motion along two mutually
- perpendicular axes. The invention is more particularly
applicable for servo-controlling the rotation of a work-
piece of any geometrical shape which rotates about an

~axis defining a rotation plane and the contour of which

is required to transit past a member capable of two

- 'mutually perpendicular translational motions, such as a

welding blowpipe. The invention further relates to ap-
paratus for performing the said method.

The Applicants have already described in their co-
pending patent application No. 911,612 filed June 1,
1978, a servo-control method and apparatus applicable

- to a welding blowpipe and notably enabling the same to

'be maintained at a constant distance from the edge of a
~ part to be welded. The present invention can be applied
to such apparatus in order more particularly to provide
a constant rate of transit regardless of the geometrical
shape of the edge of the workpiece. For if such part be
rotating at constant angular velocity, the peripheral
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speed can vary in wide proportions relative to a fixed

‘datum. Now it is necessary in many applications to be
able to perform an operation calling for a constant rate
of transit of the pcnphery or edge cf the wcrkplece past
~a tool.

In accordance with this invention, bcth the rotation
speed and the rate of translation of the tool along two
perpendlcular axes are servo-controlled as a function cf
a given adjustable relative rate of transit.
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spindle 2 disposed horizontally for example. Spindle 2 is
associated to a system of coordinates X and Y at whose
intersection it lies. A blowpipe 3 is positioned opposite
the edge of workpiece 1 and is directed along a line
normal to the tangent T at the work point 4 on said
workpiece. The location of blowpipe 3 is slaved to the
coordinate axes X and Y, parallel to which it is translat-
able In order to determine motion along a vector which
is the resultant of two components respectively parallel
to the X and Y axes, which motion is obtained materi-
ally through the agency of a slaved-motor unit 5 of any
convenient type. Unit § as illustrated essentially com-
prises a detector D associated with blow pipe 3 in the
vicinity thereof in the downstream direction, a motor

-Xm for transit parallel to axis X and a motor Ym for

transit parallel to axis Y. Detector D is connected to the
input of amplifier 6 while Xm and Ym are respectively
connected to the output of amplifiers 10 and 9.
‘Detector D may be of any convenient type intended
to permanently sense its distance from the edge of the
workpiece, i.e., from tangent T. If the convenient dis-
tance is hl, any different distance h2 will be detected
and the difference between h1 and h2 will constitute the
output signal of said detector. Said difference is actually
representative of the angular error between tangent T
and the actual tangent to the edge of the workpiece.
A preferred embodiment of detector D is constituted
by a high-frequency antenna (such as 11, 12 in FIG. 2)
disclosed in U.S. application No. 911,612 filed June 1,

- 1978 (U.S. Pat. No. 4,204,146) in the name of the present
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Accordingly, - a tangent to the workpiece is deter-

- mined and the tool is disposed along a normal to said
- tangent, the rotation of the workpiece causing the tan-
~ gent to be displaced parallel to itself, and the tool is
moved along a vector which is the resultant of two

vectors respectively parallel to two mutually perpen-

dicular axes along which it is capable of translatlonal

. motion,
The subject method of this invention accordmgly--

‘consists in mounting the workpiece on a spindle-which
may be horizontal say-driven by rotation powering
means themselves dependent on the variation of the
tangent relative to the horizontal, detecting said varia-
tion and generating a signal representing the same, fix-
ing the angular position of the spindle so as to obtain the
horizontal tangent, and varying the translational speed
~of the tool along its system of perpendicular axes.

- There is thereby detected an error signal representing
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Applicants. The detector delivers a signal AT represent-
ing the error relative to tangent T, which signal is pro-
cessed in a circuit comprising an amplifier 6 connected
to a speed-slaved motor 7 which provides the power for
rotating the workpiece and which is itself associated to
a tacho—generator 8. Further, the unit 5 for controlling
motion of blowpipe 3 is associated to the slides of a
system of two potentiometers, to wit PX along the

X-axis and PY along the Y-axis—a first terminal of each

of which is at zero potential. The other terminals of
these potentiometers are interconnected and connected
to the output of tacho-generator 8. The potentiometer
slides are connected to amplifier control means of the
unit 5, to wit amplifier 9 for the Y-axis connected to the
slide of potentiometer PX and amplifier 10 for the X-
axis connected to the slide of potentiometer PY. Ampli-
fier 10 further includes a second input for an adjustable

- signal V representing the desired rate of transit of blow-

>0

the error relative to the horizontal tangent and this

signal 1s nulled by a rotation of the workpiece resulting
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- in a change of cocrdmates of the working point of the o

tool. .

| Further partlculantles and advantages of the inven-
tion will become more clearly apparent from the de-
scription which follows with reference to the accompa-

~ nying nonlimitative exemplary drawings in which

FIG. 1 1s a block diagram of apparatus acccrdmg to

this invention that illustrates the above method 1 in ‘the

- case of a weldmg machine and | -

FIG. 2 is a block diagram of an auxlllary corrective
- circuit for small radii of curvature.

- Referring first to FIG. 1, there i is shown thereon a

- metal workpiece 1 of any shape mounted on a rotation
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pipe 3 and work point 4 describing the edge of work-
piece 1.

- With such an arrangement, tacho-generatcr 8 deliv-
ers a signal Vo representing the instantaneous angular
velocity of the workpiece about its spindle 2, which
signal is applied to the two potentiometers. The blow-
pipe 3 slaved to the tangent T sets the positions of the
two potentiometer slides and the potentiometric ratios
thereby determined represent the sine and cosine values
of the point 4 with respect to the axes X and Y. The
quantity Vu multiplied by these values gives the respec-
tive speeds along the two axes X and Y.

If the output signal from detector D is equal to zero,
it means that the edge of workpiece 1 is along tangent T
and slave motor 7 does not rotate since no signal is
available at the output of amplifier 6. In this configura-
tion, unit 5 will move blow pipe 3 through Xm. With an
output signal from detector D, motor 7 is actuated to-

- gether with Xm and Ym via potentiometer PX and PY.



3
- are physically connected to blow pipe 3 and they move

‘respectively with the horizontal (x) and vertical (y)
- transit thereof. The system of two potentiometers of the

- sine-cosine type constitutes a known divisor giving the

two orthogonal components of the angular velocity on
- the coordinate axis: with an angular velocitye and a

-~ radius R of workpiece 1, -said two components are R
~ sine o and R cos w. The electric value of said compo-

nents then multiply the value Vo given by tacho-gener-

~ ator 8 for providing a value of linear velocity of motors

- Xm and Ym through the respectwe amplifiers 10 and. 9.
‘Thus the velocny of blow pipe 3 will be: =

- V-V sine o along axis X, and V cos o along axis Y,

V being the predetermined weldmg velocny which

of course is not introduced in the expression of the
velocny along axis Y. -

~ Motor 7 is intended to move workplece 1 in rotation

~ about spindle 2 with an ‘automatically ad_]usted angular

velocny for obtaining the desired rate of transit of blow

- pipe 3 with respect to the edge of workpiece 1, but 3

also has its own movement for the same purpose. The

 motion of said blow pipe 3 is effected through two

motors included in unit 5 as explained above. For in-
~stance, if a stralght edge of workpiece 1 disposed along

- ~tangent T 1s to be welded, motor 7 will not allow said

“workpiece to rotate and only blow pipe 3 will move
~ along said tangent T at the predetermmed weldmg ve-
- loc:ty through a motor of unit 5.
~ The controls of both motor 7 and the two motors in
‘unit § are connected within the circuit which consti-
tutes a servo-loop. Motor 7 rotates workpiece 1 at an

~ angular velocity which is inversely proportional to the

- curvature radius of the edge at the vicinity of the detec-
tor included in unit 5 so that the determined welding

o velocity remains constant. For mstance, in the configu-
~ration opposed to the preceding one, i.e., on an acute

curvature of the edge, motor 7 will rotate workpiece 1

~ while blow pipe 3 will be substantially immobile. As a
- result, the weldmg velocity, i.e., the relative plpe-edge

velocity, remains constant and along a tangent whlch is

- parallel to axis X.

. As shown in FIG. 2, the apparatus hereinbefore de-
 scribed can be supplemented by an auxiliary instanta-
. neous veloclty correction circuit which can be particu-

| larly useful in the event of very small radii of curvature

" in relation to the dimensions of the workpiece. For in

such cases the percentage error obtained with respect to

~ the velocities along X and Y is multiplied by the ratio of

- the radius along which the welding point moves about
~ the rotaticn ax.ls and the radlus of curvatnre of the
- workpiece. B

-~ This corrective 01rcu1t includes three radius of curva-
 ture arc detectors 11, 12 and 13, each linked to a potentx-

 ometer. The slide of first lateral potentlometer 14 is

-electrically connected to a first input of an operational
- amplifier 16 delivering the signal AT and of a compara-

" tor 17 which outputs a signal representing the rise f of

- the arc of curvature of part 1. The slide of middle poten- -
“tiometer 18 is electrically connected to a second input
of comparator 17, and the slide of the 'second lateral
potentiometer 15 is electrically connected to the second
input of amplifier 16 and to a third input of said compar-
~ator. The output of comparator 17 is connected to a
- function generator 19 which delivers a signal of the
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The shde-contacts of sald potentlometers PX and PY

4

form 1/r, where r is the radius of curvature in questwn
The output of function generator 19 is electncally con-

nected to a multrpher 20 which outputs a signal of the

form V/r, that is, which is equal to the true angular

velocity V. This signal is then applied to a first input

of a comparator 21, the other input of which is electri- '

cally connected to the output of tacho-generator 8

(FIG. 1) whereby to compare these two data signals and
deliver the necessary X and Y correctlon 31gnals to the
contral means, -
It goes without saying that changes and substltutlons[
may be made in the embodlments of the invention as

hereinbefore described without departmg from the -

scope of the invention as set forth in the appended,
claims.

We claim: | o |
1. A method of servo-controlling a rotating work-
piece in relation to a member such as a tool, capable of
translational motion along a system of two mutually

perpendlcular axes, as a function of a desired rate of

transit of the periphery of said workpiece past said tool,
including the steps of disposing the rotation axis of the
workpiece at the centre of the system of axes to which
the tool is associated; determining the direction of a
tangent to the edge of the workpiece; slaving control
over the rotation to displacement of the tangent parallel
with itself; detecting such displacement and generating

a signal representative thereof; determining the angular
position of the workpiece; nulling said signal by rotating -
the workpiece; and varying the speed of the tool along
its system of axes as a function of dlsplacement of ther

- tangent.
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2. Apparatus for performmg the method as clmmed in

claim 1, including a speed-slaved motor for rotating the

workpiece and speed-slaved means for moving the tool,
a system of potentiometers linked to the mutually per-

pendicular axes and the slides of which are associated to ;

the tool, the slide linked to one axis being electrically -

~connected to a circuit for controlling the tool moving

means of the other axis, a detector for detecting dis-
placement of the tangent to the edge of the workpiece

and connected to a circuit comprising an amplifier, the -

slaved rotation controlling motor and a tacho-generator
connected to said system of potentiometers, a circuit for

controlling movement of the tool along a given axis to- I
~ which is inputted a signal representmg the:desired rate e

of transit. -
3. Apparatus as claimed in clalm 2 further lncludug o

a rate of transit correction circuit for small radii of.

curvature of the workpiece, said circuit including three -
elements for detecting the arc of the radius of curvature,
respectively associated to three potentiometers the
slides of which are electrically connected to an ampli-
fier which generates the signal representing displace-
ment of the tangent, and to a comparator which gener-
ates the signal representing the rise in the arc and which

- is connected to a function generator the output from
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which is applied to a multiplication circuit for multipli-
cation with the desired speed signal, the output from

which circuit is applied to a first input of a comparator

the second input of which is electrically connected to
the output of said tacho-generator, the output from said .

comparator being applied to the tool moving circuits.
- ® & % Xk % - -
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